Ninety-nine penicillin-sensitive Streptococcus pneumoniae strains of common pediatric serogroups/types (6, 7, 14, 19, and 23) cultured from the blood of children with invasive disease (n = 49) or asymptomatic oropharyngeal carriage (n = 50) were analyzed by multilocus enzyme electrophoresis and ribotyping; 53 distinctive multilocus enzyme genotypes (ETs) and 53 ribotypes were identified. Multilocus enzyme electrophoresis showed good correlation with ribotyping. ETs and ribotypes among invasive and carriage isolates were similar. Within different S. pneumoniae serogroups/types, both clonal(7 and 14)and heterogenous(6,19, and 23)ET and rRNA hybridization patterns were observed. Greatest diversity was observed among serotypes 6A, 6B, and 19F. Use of 12 additional restriction enzymes besides Pvull and BglII did not increase ribotype discrimination within serotype 7 and 14 isolates. Serotype 7 and 14 strains, which appear clonal by subtyping, are rare among carriers but common causes of invasive disease. Characteristics associated with their clonality may represent an advantage for invasiveness.
pneumoniae within 2 days of sampling. Swabs were streaked on blood agar containing crystal violet (2 j.tg/mL), gentamicin (2 j.tg/ mL), and nalidixan (50 j.tg/mL). An optochin disc (6 j.tg; Biodisk, Solna, Sweden) was placed on the first streaked quarter of the plates. a-hemolytic colonies yielding an inhibition zone around the optochin disk were further serotyped by counterimmunoelectrophoresis with antisera from Statens Seruminstitut (Copenhagen). The latex agglutination technique was used to identify isolates of serotypes 7 and 14.
Isolates from invasive disease episodes were cultured from children identified by a nationwide surveillance of invasive disease in children [15] . S. pneumoniae was recovered from blood in all cases. Of the patients, 32 were diagnosed with bacteremia, 14 with pneumonia, 2 with meningitis, and 1 with arthritis. Liaison persons in each of 25 bacteriologic laboratories throughout the country sent S. pneumoniae isolates and clinical data of the patients with invasive S. pneumoniae disease to the laboratoryat the National Public Health Institute, where bacterial identification was confirmed and S. pneumoniae isolates serotyped as described above [14] .
The 99 isolates were selected to represent an equal number of carrier (n = 50) and invasive (n = 49) isolates. For each category, consecutive isolates of the 5 most common S. pneumoniae serogroups/types prevalent among children in Finland (6, 7, 14, 19 , and 23) [12, 16] were chosen for this study. All isolates were sensitive to penicillin (MIC, <0.06 j.tg/mL), which was in accordance with the low prevalence «2%) of penicillin resistance among S. pneumoniae isolates in Finland in the late 1980s [17] .
Multilocus Enzyme Electrophoresis
Isolates were grown in 200 mL of Todd-Hewitt broth and harvested by centrifugation at 20,000 g in midexponentia1 growth phase. Bacteria were suspended in 1.5 mL of 50 mM TRlS-HCI plus 5 mM EDTA (pH 8.0) and stored at -70°C. Cells were sonicated (Sonified Cell Disrupter, model 200, with microtip; Branson, Danbury, CT) for 45 s at 50% pulse, with ice-bath cooling. After centrifugation at 20,000 g for 20 min at 4°C, the clear supernatant (lysate) was stored at -70°C.
Techniques ofhorizontal starch-gel electrophoresis and the demonstration of specific enzyme activity were similar to those described elsewhere [18] . The 12 enzymes assayed for variation were nucleoside phosphorylase, leucine aminopeptidase, adenylate kinase, carbamylate kinase, phosphoglucose isomerase, esterase, phosphoglucomutase, lactate dehydrogenase, glucose-6-phosphatase, 6-phosphogluconate dehydrogenase, glutamate dehydrogenase, and glyceraldehyde-3-phosphate-dehydrogenase.
Electromorphs (allozymes) of each enzyme were equated with alleles at the corresponding structural gene locus, and distinctive combinations of alleles over the 12 enzyme loci that represented multilocus chromosomal genotypes were designated as electrophoretic types (ETs). Bacterial isolates with the same ET pattern had identical profiles at all 12 enzyme loci. Isolates that differed at one or more loci were assigned to different ETs.
Ribotyping
DNA extraction. Genomic DNA was extracted by a method modified from current protocols [19] . Bacteria were grown on blood agar plates overnight at 35°C with 5% CO 2 • Isolates were suspended in 0.8 mL of saline and harvested by centrifugation. The cell pellet was suspended in 555 j.tL of TRlS-EDTA (TE) buffer, and 30 j.tL of 10% SDS and 15 j.tL of proteinase K (4 mgt mL) were added. After I h of incubation at 37°C, 100 j.tL of 5 M NaCI and 780 j.tL of 10% cetyltrimethyl ammonium bromide in 0.7 M NaCI were added. The mixture was incubated for 10 min at 65°C and extracted with 0.7 mL of chloroform-isoamyl alcohol (24:1), and the DNA was precipitated from the aqueous phase by 0.6 vol of 2-propanol. DNA was dissolved in TE buffer, extracted with phenol-chloroform-isoamyl alcohol (25:24:1), precipitated with 2 vol of ethanol, and redissolved in 100 j.tL of TE buffer.
Restriction enzymeanalysisand gel electrophoresis. Chromo [20] or with a vacuum blot apparatus (Pharmacia, Bromma, Sweden). After blotting, the DNA was fixed with a short alkaline treatment by placing the membrane onto a filter paper pad moistened with 0.4
MNaOH (2-4 min), after which the membrane was gently rinsed in 5X SSC. Plasmid pKK3535 [21] , carrying the 5S, 16S, and 23S ribosomal RNA genes of Escherichia coli, was used as a probe.
For hybridization and detection, a commercial nonradioactive labeling and detection kit (DIG DNA; Boehringer) was used based on random-primed incorporation of dUTP with a digoxigenin hapten. The membranes were hybridized with the labeled probe overnight at 60°C, and the hybrids were detected with antidigoxigeninalkaline phosphatase conjugate and subsequent color reaction on the membrane. Ribotype patterns were determined by visual comparison and were arbitrarily assigned letters. The first letter represents the pattern obtained with Pvull and the second refers to the pattern obtained with BglII. Isolates that differed by one band were classified as a different ribotype.
Results
Ninety-nine S. pneumoniae strains were analyzed, 50 from healthy carriers and 49 from children with invasive disease. The strains represented the five most common serogroups/types reported among children in Finland and the United States: 6 (30 isolates, 24 serotype 6B and 6 serotype 6A), 7 (10 isolates), 14 ( [16, 22] . Among different serogroups/types, carrier and invasive strains were represented rm 1996; 173 (January) figure 1) .
Three different ETs (designated ET24, ET25, and ET26) were observed among the 10 serotype 7 strains. Each of these ETs was a single-locus variant of one another, indicating close relatedness. Among the 18 serotype 14 strains, there were 4 ETs (designated ET4l, ET49, ET50, ET5l). Most (83%) of these belonged to ET50. The strain ofET4l, which was highly differentiated from the other serotype 14 strains (figure 1), also had a unique ribotype (see below).
Among strains of serogroups 6, 19, or 23, there appeared to be a degree of nonrandornness among the ETs. Serogroups 19 and 23 were predominantly found among isolates of ETl-ET23, whereas most serogroup 6 organisms were found among ET28-ET53.
More than one S. pneumoniae serogroup/type was represented among a single ET in 2 cases: ET9 (serotype 23F, 4 isolates, and serotype 19F, 2 isolates) and ET50 (serotype 14, 13 isolates, and serotypes 6B and 19F, 1 each). Otherwise, only one S. pneumoniae serogroup/type was present in a single ET.
Ribotyping. Sufficient discrimination among pneumococcal serogroups/types was achieved with restriction enzymes BgllI and PvuII, with a higher degree of discrimination generally seen with Pvull (figure 2). Digestion with 12 additional enzymes did not increase discrimination among isolates of the two serotypes (7 and 14) that appeared clonal. Fifty-three different ribotypes were found, based on the combined information from BgllI and Pvull digestions. The ribotypes are indicated by a two-letter code corresponding to the results from Pvull and BgllI (figure 2).
As observed by multilocus enzyme electrophoresis, serotype 7 and 14 isolates appeared clonal also by ribotyping, whereas serogroups 6, 19, or 23 had a wide array of different ribotypes (table 2) . Serotype 7 strains were all of ribotype AY. Among strains of serotype 14, 10 belonged to ribotype BZ, 2 to ribotype BJ, and 6 to individual ribotypes, each represented by a single isolate. Thus, ribotyping had greater resolving power among serotype 14 strains than did multilocus enzyme electrophoresis ( figure 2 and figure 3 ). For strains of serogroup 6, 19, or 23, 23F  6A  23F  23F  23F  23F  23F  23F, 19F  68  68  68  19F  23F  23F  19F  19F  19F  19A  19F   19F  19F  19F  7   7   7   19A  68  68  68  68  68  68  68  68  68  68  68  6A  68  14  6A  6A   23F  6A  68  68  68  14  14, 19F, 68 14 19F 68
there was heterogeneity in ribotypes, with highest heterogeneity in serogroups 6 and 19 (table 2) . Only one S. pneumoniae serogroup/type was seen for each respective ribotype, with the exception of 1 strain each of serotypes 19A and 19F represented as ribotype fS, indicating a higher correlation between ribotyping and serotyping than between multilocus enzyme electrophoresis and serotyping.
ETs compared to ribotypes. Overall, there was good correlation between results from multilocus enzyme electrophoresis and ribotyping (table 3) . However, for a small number of organisms, heterogeneity was observed among strains assigned to a particular ET or ribotype, mainly ET9, ET20, ET48, and ET50 and ribotypes DA, KE, NF, and BZ.
For example, for the 6 isolates of ET9, 3 were serotype 23F and ribotype EA. The fourth isolate of serotype 23F was identical to the above for BgnI but differed for Pvull by more than two bands (ribotype DA). Two strains were of serotype 19F and differed from the above for Pvull by more than two bands (ribotypes JP and DP) and for BgnI by four bands (figure 2).
All 4 strains of ET20 were serotype 19F. Two ribotypes were observed (ribotypes eD and GU, 2 strains each). These ribotypes differed from each other for both BgnI and Pvull by more than two bands.
All 3 strains ofET48 were serotype 6B. Two were the same ribotype, KE, and the third was ribotype EG, which differed from the above for both BgnI and Pvull by more than four bands.
Among the 15 ET50 strains, 13 were serotype 14 and 1 each serotype 19F and 6B. Ribotype BZ predominated with 8 isolates, all serotype 14. Among the remaining 5 serotype 14 isolates, four different ribotypes were observed, which differed from the above for either BgnI or Pvull (ribotypes BJ, ZZ, or CZ) or both (ribotype Hb). The serotype 19F isolate was ribotype CV, and the serotype 6B isolate was type R by Pvull and nontypeable by BgnI.
The ETs of the 4 ribotype DA strains were ET5, ET7, ET9, and ET15 (table 1, figure 1 ). All were serotype 23F.
The ETs of the 3 ribotype KE strains were ET48 (2 strains) and ET47 (l strain). ET47 and ET48 strains were serotype 6B and single-locus variants of one another, indicating close relatedness.
ETs of the 5 ribotype NF strains were all individual ETs: ET33, ET34, ET35, ET37, and ET38. These represented singlelocus variants of one another. All were serotype 6B.
Among the 10 ribotype BZ isolates, 2 ETs were present, ET49 and ET50, single-locus variants of one another. All were serotype 14.
Invasive compared with carrier strains. Serotype 7 and 14 strains were rarely recovered from carriers. During the 4-year follow-up of S. pneumoniae carriage among a total of 572 children, 97 S. pneumoniae isolates were identified, but only 2 strains each of serotype 7 and 14 were found. However, in both cases the carrier strains belonged to the same ET and ribotype as did the invasive strains (figure 1), suggesting that 1ID 1996;173 (January) --14 ----" r -,---23F , ,
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6A 68 68 serotype 7 and 14 strains belong to an invasive clone rarely seen among carriers. Among strainsof serogroups6, 19, and 23, about equalnumbers of carrier and invasive isolates were analyzed. These were evenly distributed among the ETs and ribotypes of the respective serogroups (figure 1). Thus, there was no difference in the ETs or ribotypes between invasive and carrier isolates.
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Discussion
Both of the molecular typing methods used in this study showed sufficient capacity to discriminate between the different S. pneumoniae serogroups/types studied. The results correlated very well with each other. Thus, neither of the two molecular typing methods was superior. Ribotyping results correlated very well with the serotyping results, as only strains from one serotype were found within each ribotype. More than one S. pneumoniae serogroup/type was represented among a single ET in 2 cases.
Serotype 7 was shown to be of highly clonal origin by both multilocus enzyme electrophoresis and ribotyping. Serotype 14 was clonal by multilocus enzyme electrophoresis, but ribotyping showed slightly more discriminatory power. Thus, these • One strain each.
subtyping methods did not appear to add information compared with serotyping alone for these serotypes. Serotypes 7 and 14, which appear clonal by subtyping, are rare among asymptomatic carriers but frequent causes of invasive S. pneumoniae disease [12, 13, 16, 23] . In Finland, 19% and 10% of invasive S. pneumoniae infections among children were caused by serotype 14 and 7 strains, respectively [16] , whereas the corresponding percentages among carrier isolates for both serotypes was 2% (unpublished data). Furthermore, serotype 14 was observed significantly more often among children <2 years of age, and serotype 7 was reported to cause primarily infections with a secondary focus (e.g., meningitis, arthritis) [12] . Similarly, in a longitudinal study of S. pneumoniae carriage and subsequent disease among children, Gray et al. [24] demonstrated that serotype 14 strains were observed among 7% of carrier isolates but 26% of invasive isolates. These data suggest that invasiveness and some virulence factor(s), such as capsule production, of S. pneumoniae serotypes 7 and 14 are linked.
Interestingly, the polysaccharide capsules of both serotype 7 and 14 strains are neutral, whereas capsular polysaccharides of most other serogroups/types are acidic. Animal studies in rats suggestthat one possibleexplanation for the virulence differences between strainsof different serogroups/types may be in their ability to activate the alternative complement pathway [25] . Serogroups 6, 19 , and 23 represented a wide array of different pneumococcal ETs and ribotypes. The subtypes observed were predominantly 6B, 19F, and 23F. Strains of these serogroups are common in both invasive disease and asymptomatic carriage [1, 12, 13, 16, 23, 24] . In Finland, 18%, 17%, and 7% of invasive disease among children was caused by serogroups 6, 19, and 23, respectively [16] . Among carrier isolates, the respective percentages were 28%, 22%, and 20% (unpublished data). In the present study,no difference was seen by multilocus enzymeelectrophoresis or ribotyping between strains isolated from children with invasive disease or asymptomatic carriage for serogroups 6, 19, or 23.
Serogroups 6, 19, and 23 represent large bacterial populations, since these strains are frequently observed among carri-ers, the primary reservoir of the bacterial population. Thus, there has been more possibility for differentiation into subpopulations within these serogroups. Each of these subpopulations is represented by 1 ribotype and, almost always, by 1 ET. Serotypes 7 and 14, on the other hand, represent smaller bacterial populations and may in addition be newer clones in which differentiation has not yet occurred. It may also be that characteristics associated with their structures, such as the polysaccharide capsule, represent an advantage to the bacteria, thus maintaining the close clonality of serotype 7 and 14 populations.
